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Introduction 

Human exposure t o  c rude  and r e f i n e d  coa l  l i q u i d s  is most l i k e l y  t o  occur v i a  sk in  
c o n t a c t .  I n  o rde r  t o  e s t i m a t e  eventual  r i s k s  t o  human h e a l t h  as  a consequence of 
i n c i d e n t a l  and prolonged s u n  con tac t  i t  is necessary t o  o b t a i n  some in fo rma t ion  on 
t h e  p o t e n t i a l  o f  coal-der ived l i q u i d s  t o  e l ic i t  s k i n  cancer .  This  can be done with 
animais  i n  experimental  s t u d i e s  which mimic a n t i c i p a t e d  human exposure. I n  a d d i t i o n  
i t  a l s o  m u s t  be e s t a b l i s h e d  whether prolonged dermal exposure w i l l  produce s igns  of 
t o r i c i t y  not only o n  t h e  s k i n ,  b u t  i n t e r n a l  organs. Th i s  paper r e p o r t s  d a t a  obtained 
i n  a l i f e - l o n g  s k i n  p a i n t i n g  s tudy  w i t h  mice designed t o  exp lo re  t h e s e  ques t ions .  - 
The fol lowing m a t e r i a l s  were t e s t e d :  Raw H-coal blend,  con ta in ing  5700 ppm N; H-coal 
blend a f t e r  low hydrotreatment  (2650 ppm N ) ;  H-coal blend a f t e r  high hydrotreatment  
(0.2 ppm N); H-coal "home h e a t i n g  oil", a d e v o l a t i l i z e d  v e r s i o n  of t h e  hlgh- 
hydrotreatment  H-coal blend ; and an  H-coal reformed naphtha. Two petroleum-derived 
r e fe rence  samples were obtained from t h e  American Petroleum I n s t i t u t e :  Petroleum No. 
2 f u e l  o i l  and high c a t a l y t i c a l l y  cracked naphtha ( g a s o l i n e ) .  
pure ;  Sigma Chemical Company) was used a s  r e f e r e n c e  substance.  

Experimental animals  were male and female C3H mice, bred and maintained i n  the  bar- 
rier f a c i l i t y  of t h e  Biology Div i s ion ,  Oak Ridge Na t iona l  Laboratory.  
a g e n t s  were app l i ed  t h r e e  t imes a week o n t o  t h e  shaved s k i n  of t h e  back. The f o l -  
lowing c o n c e n t r a t i o n s  were used: 
ul of  a 1:3 d i l u t i o n  wi th  ace tone .  P o s i t i v e  c o n t r o l s  received 50 ug,  25  ug, or 12.5 
ug of  benzo(a)pyrene i n  50 ul of acetone per a p p l i c a t i o n  ( t h r e e  times a week) and 
nega t ive  c o n t r o l s  were pa in t ed  wi th  acetone a lone  or not  painted a t  a l l .  Twenty-five 
animals  of each sex were used p e r  dose l e v e l .  

A l l  animals had free a c c e s s  t o  food and water and were kep t  5 t o  a cage on hardwood 
shavings f o r  t h e  d u r a t i o n  of t h e  s tudy.  
were t r e a t e d  on Mondays, Wednesdays and Fridays.  Whenever a s k i n  abnormali ty  became 
v i s i b l e  a t  t h e  site of test agen t  a p p l i c a t i o n ,  p a i n t i n g  cont inued f o r  ano the r  two 
weeks. When t h e  s k i n  mass was found t o  p e r s i s t ,  t h e  animal was k i l l e d ,  and t h e  s k i n  
l e s i o n  excised and f i x e d  i n  n e u t r a l  buffered formalin.  A complete necropsy was per- 
formed, all o b s e r v a t i o n s  were noted and s e l e c t e d  t i s s u e s  were f i x e d  i n  n e u t r a l  buf- 
f e r e d  formalin.  A l l  s k i n  l e s i o n s  were examined on p a r a f f i n  s e c t i o n s  under t h e  l i g h t  
microscope. 
found moribund or dead.  
found dead. 

Benzo(a)pyrene ( 9 %  

The test 

50 ul of und i lu t ed  material, 50 ul of a 1:l or 50 

They were weighed p e r i o d i c a l l y .  The animals 

A n i m a l s  not  showing any s k i n  l e s i o n s  were cont inuously painted u n t i l  
A complete necropsy was performed on a l l  animals k i l l e d  or - 

Data on o v e r a l l  tumor inc idence  a r e  shown i n  Table 1 and can be summarized as f o l -  
lows: 
s k i n  l e s i o n s  began t o  appear  14 weeks l a t e r .  
benzo(a)pyrene (12.5 ug per  a p p l i c a t i o n )  t h e  f i r s t  tumors appeared after 19 weeks. 
Tumor incidence t h e n  r o s e  d rama t i ca l ly  i n  a l l  animals  exposed t o  benzo(a)pyrene 
w i t h i n  5-10 weeks after appearance of t h e  f i r s t  s k i n  l e s i o n .  

I n  animals  t r e a t e d  wi th  50 ug of benzo(a1pyrene pe r  a p p l i c a t i o n ,  t h e  f i r s t  
I n  animals  given t h e  lowes t  dose of 

All animals  exposed 
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eventua l ly  developed s k i n  tumors. H i s t o l o g i c a l l y ,  t h e  m a j o r i t y  of tumors, 708, were 
squamous cel l  carcinomas. On t h e  o t h e r  hand, i n  animals pa in ted  w i t h  ace tone  a l o n e  
O r  not pa in ted  a t  a l l ,  very few s k i n  tumors were observed which were benign papi l -  
lomas. 

Among t h e  coal  l i q u i d s  o n l y  t h e  raw H-coal blend produced a n  almost 100% inc idence  of 
s k i n  tumors a t  a l l  3 concent ra t ions  t e s t e d .  The f i r s t  tumors were s e e n  10 weeks 
a f t e r  t h e  first a p p l i c a t i o n  of 50 u l  of t h e  undi lu ted  material ( h i g h e s t  dose  group).  
With t h e  lower concent ra t ions ,  t h e  f irst  tumors were seen  af ter  20 and 33 weeks, 
r e s p e c t i v e l y .  Once t h e  first tumor was discovered i n  any group, i t  took approxima- 
t e l y  one y e a r  u n t i l  most animals i n  a g iven  group had developed s k i n  tumors. O f  
these  tumors 46% were malignant squamous c e l l  carcinomas. 

Hydrotreatment d r a m a t i c a l l y  reduced t h e  carc inogenic  p o t e n t i a l .  'he low hydrot rea t -  
ment prepara t ion ,  pa in ted  undi lu ted  o n t o  t h e  s k i n ,  produced t h e  first tumors a f t e r  58  
weeks, and 92 weeks a f t e r  beginning of t h e  experiment,  tumor i n c i d e n c e  was Only 14%. 
I n  animals exposed t o  t h e  high hydro t rea ted  p r e p a r a t i o n ,  tumors began t o  appear 
usua l ly  after 70 t o  80 weeks and t h e  f i n a l  tumor inc idence  i n  all 3 dose groups was 
between 16% and 44%. Only 2 tumors were found i n  t h e  150 animals exposed t o  H-coal 
reformed naphtha. However, i n  animals exposed t o  H-coal "home h e a t i n g  oi l" ,  t h e  
d e v o l a t i l i z e d  v e r s i o n  of t h e  h i g h l y  hydro t rea ted  H-coal blend, tumors began t o  appear 
around 40 t o  50 weeks of exposure and f i n a l  tumor inc idence  i n  an imals  exposed t o  t h e  
undi lu ted  material was 30%. 

The two petroleum-derived samples had p r a c t i c a l l y  no carc inogenic  p o t e n t i a l ;  on ly  3 
animals w i t h  tumors o v e r a l l  were found i n  animals pa in ted  wi th  g a s o l i n e  and o n l y  a 
t o t a l  of 13  animals had tumors 95 weeks a f t e r  beginning of t h e  experiment.  
eva lua t ion  of t h e  gross necropsy f i n d i n g s  showed t h a t  many animals s u f f e r e d  from 
l e s i o n s  u s u a l l y  expected t o  develop i n  a c e r t a i n  percentage of ag ing  animals, such as 
myocardial c a l c i f i c a t i o n ,  r e n a l  fa i lure ,  l i v e r  tumors, ovar ian  tumors,  and  lymphomas, 
among o t h e r s .  
t rea tment  regimen and were also s e e n  i n  t h e  c o n t r o l  and u n t r e a t e d  animals.  

It is concluded t h a t  t h e  carc inogenic  p o t e n t i a l  of a raw H-coal b lend  c a n  be mostly 
abol i shed  by hydrotreatment;  however some carc inogenic  p o t e n t i a l  remains  a s s o c i a t e d  
w i t h  a d e v o l a t i l i z e d  v e r s i o n  of a s e v e r e l y  hydro t rea ted  sample. 
products have cons iderably  less carc inogenic  a c t i v i t y ,  a n  o b s e r v a t i o n  compatible wi th  
e a r l i e r  f ind ings .  
than  t h e  s k i n ,  and t h e  compounds t r e a t e d  seemed not  t o  act  as sys temic  carcinogens.  

An 

However, t h e  gross l e s i o n s  were not  a s s o c i a t e d  wi th  any p a r t i c u l a r  

Petroleum der ived  

F i n a l l y  we d i d  not  f i n d  gross s i g n s  of  t o x i c i t y  i n  organs  o t h e r  

Acknovlednement 
We wish t o  thank t h e  American Petroleum I n s t i t u t e  (API) f o r  having made t h e  two Sam- 
p l e s  a v a i l a b l e  to US. 

Research sponsored by t h e  Office of Health and E n v i r o m e n t a l  Research, U. S. Depart- 
ment of Energy under c o n t r a c t  DE-AC05-840R21400 wi th  t h e  Martin Marietta Energy a s -  
tams, I n c .  

145 



Table 1 : Skin  Tumor Incidence 

Comwund 

Median 
Dose per1 No. of animals  w i th  skin time t o  
a p p l i c a t i o n  tumors/ No. of  animals exposed tumor 

931 Raw H-coal b lend  50 
25 
12.5 

934 Low hydro t r ea t ed  50 
(2550  pp" U) 2 5  

12.5 

935 High h y d r o t r e a t e d  50 
(0.2 ppm N) 2 5  

12.5 

978 H-coal Rhome 50 
heat ing o i l n  25 

12.5 

936 H-coal reformed 50 
naphtha 2 5  

12.5 

975 A P I  No. 2 f u e l  o i l  50 
2 5  
12.5 

976 A P I  g a s o l i n e  50 
25 
12.5 

Benzo (a )pyrene3 0.1 
0.05 
0.025 

41 / 50 
45/ 50 
44/50 

7/50 
6/ 50 
1/50 

1 O/ 50 
17/ 50 
8/ 50 

1 4/50 
12/ 50 

8/50 

O/ 50 
O/ 50 
2/ 50 

5/50 
6/ 50 
2/ 50 

31 50 
4/ 50 
6/50 

25/25 
25/25 
25/25 

45 
52 
62 

112 
117 
149 

100 
111 
119 

97 
108 
112 

- - 
155 

120 
131 
144 

125 
130 
143 

21 
24 
31 

lHigh dose was 50 ul of und i lu t ed  m a t e r i a l ;  50 ul lower doses  obtained by d i l u t i o n  
w i t h  acetone; a l l  d o s e s  app l i ed  3 t imes weekly. 

2 A n i m a l s  k i l l e d  2 weeks a f t e r  appearance of s k i n  tumors; all tumors confirmed by h i s -  
t o l o g i c a l  d i agnos i s .  

3Doses a r e  i n  p e r c e n t  (w/v)  benzo(a)pyrene,  50 uL per  mouse. 
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